In a recent communication' the optical rotatory powers of helical macromolecules were investigated. It was shown that, under favorable circumstances, an abnormal frequency dependence should lead to marked departures from the simple Drude equation.
The purpose of the present note is twofold. In the first place, we shall propose an alternative phenomenological equation to describe the more complex dispersion that is sometimes observed for helices. The equation involves three constants, two of which should be more or less invariant properties of the helical skeleton itself; the latter should be independent of temperature, solvent, and the nature of the side chains for a given skeletal conformation. We shall then describe the observed dispersion for poly-y-benzyl-L-glutamate and for poly-a-L-glutamic acid, a preliminary account of which has been published elsewhere.2 3 There is strong experimental evidence that, under the right conditions, both polymers exist in the a-helical configuration;4' 6 it also seems clear that the screw senses of the helices are well defined, though whether these are right-or left-handed for given side chains remains to be established. The rotatory dispersion curves are anomalous in both cases, as had been predicted. Their more detailed analysis is also in satisfactory accord with the phenomenological equation proposed as a result of the theory.
In a forthcoming note,' the molecular theory is applied in greater detail to the ahelix. On the basis of dichroic studies of myristamide by Peterson and Simpson, 7 it is suggested that the experimental evidence presented here is consistent with the view that the screw sense of both helices is right-handed. (2) where ri is a molecular parameter (the rotational strength) associated with the ith absorption band, which occurs at frequency vP in the electronic spectrum. Under these conditions, the identity8
holds. However, since measurements are almost always conducted under less idealized circumstances, equation (2) The coefficient of (X2 -X02)-2 on the right-hand side of equation (4) vanishes. Accordingly, if this X02 is positive and appreciably less than X2, the dispersion is well described by the simple formula
As--Xo2 (6) This is, of course, just a slightly modified form of the single-term Drude equation.
Since the dispersion of the factor 3/(n,2 + 2) is relatively small, it is effectively identical with this equation, whose empirical coefficients ao, Xo receive their interpretation from equations (5). The optical rotatory dispersion of a large variety of molecules, including simple amino acids, di-and tri-peptides, obey equation (6) over a wide range of frequencies.9
It is difficult to lay down useful conditions for the validity of the simple Drude equation. We may note that, from equation (5), the contributions of the lower excited states are heavily weighted in determining X02; if these states are fairly close together, and the sum of their rotational strengths is larger than any one of these, then it is clear that X02 satisfies the required inequalities, particularly since equation (3) will be at least approximately valid. Conversely, if the sum of the rotational strengths of the lower excited states is small with respect to any one, then we may expect the dispersion to be complex, and equation (6) will not be satisfied. It is just this possibility-which must be expected whenever a principal source of the rotatory power is the asymmetric disposition of identical chromophores within a molecule-to which we attribute the anomalous dispersion of certain tartrates and, in particular, of simple polypeptides in a helical configuration.
In a helix of any great length, allowed transitions, which alone contribute to the optical rotatory power, are polarized either parallel or perpendicularly to the screw axis. (By "allowed" we do not imply that the bands need be strong.) For each parallel band there is an associated perpendicular band, and conversely. Moreover, pairs of such associated bands are rarely separated by more than 100 A or so; indeed, owing to their width, they will generally overlap. A single monomeric chromophore, like the peptide bond of a single residue, will appear in the spectrum of the a-helix as just such an overlapping pair of bands. More generally, this will be true for all monomeric chromophores which are prevented, on steric grounds or by the interposition of insulating groups, from conjugative interactions with one another. For these important, longer-wave-length systems the rotational strength of the parallel component may be exceedingly large, but it is almost exactly compensated by the opposing rotational strength of its perpendicularly polarized partner. The partial effective monomer rotation due to such a band pair may therefore be written' [ (8) xi Formally, we therefore adopt the modified equation
[m'-X 2 (X 2 -X 2)2'
where relation (7) has been extended over all pairs of band systems; in so doing, however, we recognize that bi may occasionally be very small but that for certain terms aj and bi are quite comparable. It is evident that, in the latter eventuality, the dispersion cannot be represented by a simple expression like equation (6) over any sizable range of wave lengths, except in very special circumstances. A phenomenological form for the anticipated dispersion is obtained in much the same way as equation (6) is derived from equations (2) . It takes the form aoX boX ([\2'-( X2) (X2 X02)2 (10) where the constants ao, bo, Xo are chosen so that aOX02
E[aiX,2(Xi2 -X02)2 + 2biX,4(Xi2 -X02)] = 0. i It will be valid whenever Xk2, so determined, is positive and considerably less than X2. We note that the last relation involves the sixth powers of the wave lengths.
In such systems, even more than for the more simple systems discussed earlier, the dispersion is heavily dependent on the long-wave-length absorption bands and is only slightly influenced by the bands lying far out in the ultraviolet. In the event that Xo lies in the region of the longer-wave-length spectrum, it may happen that |XA2 -X021 is small with respect to X,2, and equations (11) According to the molecular theory underlying the statements made in this paragraph, the parameters bi, and the wave lengths Xi for which these parameters are sizable, should be intrinsic properties of the helical skeleton; they should be insensitive-as should the constants bo, Xo which they, in large measure, determineto environmental factors such as arise from changes in solvent, temperature, and the nature of the side chains, always provided that this helical skeleton is not destroyed. Figure 1 . It is seen that the curvature depends fairly strongly on Xo, whose value is therefore determined as 2120 i 50 A. The slope of the line determines bo, and its intercept on the ordinate axis determines ao. For the other solutions Xh was found to be 2120 A also, within the limits of experimental errors. The results for these are collected in Figure 2 (solid lines). They may be expressed analytically in terms of equation (10), using Xo = 2120 A, together with the parameters assembled in Table 1 . It will be remarked that, in addition to the approximate constancy of the critical wave length, the slopes of the lines are almost the same for all four solutions: both bo, Xo appear to be substantially independent of the nature of the solvent, provided the helical configuration is maintained. The solvent-dependent term is clearly ao.
Solutions of polybenzylglutamate in 1:3 ethylene dichloride:dichloroacetic acid show a most interesting behavior.2 At 210 C. the rotatory dispersion is normal and much the same as in pure dichloroacetic acid at the same temperature: the polypeptide is randomly coiled. On raising the temperature to 410 C., however, it has been shown that the viscosity increases markedly (and reversibly) and that the opti- (10) with Xo = 2120 A, as before; bo is almost identical with that for solutions in pure ethylene dichloride at 20°C., although the intercept parameter ao is different. Their values are listed in Table 1 . Figure 2 . The parameters ao, bo are listed in Table  1 . The value of bo for the aqueous solvent falls in nicely with the similar values obtained for polybenzylglutamate, and that for the dimethylformamide solution is within 10 per cent of these: the slopes of the lines in Figure 2 are all much the same. It therefore appears that the constants bo, Xo do not depend appreciably on the nature of the side chains attached to the a-helix. More data are, of course, required to establish this more firmly, but these must await the preparation of further polypeptides. It has tacitly been assumed that the helical sense of both polypeptides is the same. Since the acid may be prepared from its benzyl ester in anhydrous benzene solution,' it seems unlikely that the a-helix should be destroyed and then rebuilt during the process. On forming the sodium salt, in aqueous solution, of the material so obtained, it attains the coiled conformation from which, however, it is possible to recover the acid in its helical conformation with no net change in its optical rotatory power.
The experimental details of the studies summarized in these paragraphs will be published elsewhere. The measurements ranged from 7500 A at the longer wave lengths down to 3340 A in the ultraviolet. It was found that, in each case, the 1. Introduction.-The deformation energy E per unit mass of an isotropic material with symmetric stress and rate-of-strain tensors given by a-and E, respectively, is determined by the equation 
